Claims 



1. A method. of selectively killing hypoxic 
tumor cells comprisilng administering to said cells a 
pharmaceutical compofeition comprising a compound of the 



formula 



0 

°n 



wherein X is NH2, NHR or NRR where each R is 
independently an alkyllof 1-4 carbon atoms or acyl of 
1-4 carbon atoms, or wWe in in the case of NRR the two 
R groups may be linked! together to form a morpholino, 
pyrrolidino or piperidiho ring, and wherein R may be 
further substituted with OH, NH2, alkyl (1-4C) 
secondary amino, dialkyl (1-4C) tertiary amino, 
morpholino, pyrrol idino,\ piper idino, alkoxy {1-4C). or 
halogen substituents; 

n is 1; and 

and are independently either H; nitro; 
halogen; hydrocarbyl (1-lllC) including cyclic and 
unsaturated hydrocarbyl, bptionally substituted with 1 
or 2 substituents selected from the group consisting of 
halogen, hydroxy, epoxy, ilkoxy (1-4C), alkylthio 
(1-4C)-, primary amino (NHj), lower alkyl (1-4C) 



secondary amino, dialkyl ( 



1-4C) tertiary amino, dialkyl 



{1-4C) tertiary amino wherje the two alkyls are linked 
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ru 
ru 
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together to produce a Aorpholino, jiyrrolidino or 
piperidino, acyloxy (l/-4C), acylamido (1-4C) and thio 
analogs thereof, acetylaminoalkyl (1-4C), carboxy, 
alkoxycarbonyl (1-4C), carbamyl, alkylcarbamyl (1-4C>, 
alkylsulfonyl (1-4C) or alkylphosphonyl (1-4C), wherein 
the hydrocarbyl can optionally be interrupted by a 
single ether (-0-) lirkage; or wherein and are 
independently either norpholino, pyrrolidino, 
piperidino, NH2, NHRV NR'R' 0(CO)R' , NH(CO)R' , 
0(SO)R', or 0(POR')R' in which R' is a hydrocarbyl 
(1-4C) which may be sibstituted with OH, NH2, 
alkyl-(l-4C) secondary amino, dialkyl (1-4C) tertiary 
amino, raorpholino, pyrrolidino, piperidino, alkoxy 
(1-4C), or halogen su5stitutents, or a 
pharmacologically acdeptable salt of said compound. 



2. The method of 



"J 




1, wherein X is NH2. 



^^^-^ 3. The method of cl^im 2, wherein Y^ and Y^ 
arfOth H. 




4. The method of of aim 2, wherein Y"'- is H and 
Y^ is nitre. 



5,. The method of claim 1, wherein X is 
25 -NH-CH2-(CH2)m-CH2-NRiR2 wherein m is an integer in the 
range of 0-4 inclusive, and h and R2 are independently 
selected from hydrogen or IpLer alky Is or together form 
a piperidino or pyrrolidino /ring. 

30 6. The method oy<fa.aira 5, wherein n is 1 or 2 

and Y^ and Y^ are independently selected from the group 
consisting of H and nitro. 
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A method of /select ively killing hypoxic 



tumor cells comprising 
pharmaceutical compos it 
formula 



administering to said cells a 
on comprising a compound of the 




wherein X is H 
hydrocarbyl, may be subs 
(1-4C), or halogen subst 

n is 1; and 



cr hydrocarbyl (1-4C), and, if 
:ituted with OH^ NH2, alkoxy 
Ltuents; 



and are iniraendently either H; nitro; 
halogen; hydrocarbyl (l-:/4C) including cyclic and 
unsaturated hydrocarbyl J optionally substituted with 1 
or 2 subst ituents selectied from the group consisting of 
halogen, hydroxy, epoxyl lalk<z^*v (1-^C) , alkylthio 
(l-4C).r primary amino (wito)/ lower alkyl (1-4C) 
secondary amino, dialkyijtl-4C) tertiary amino, dialkyl 
(1-4C) tertiary amino where the two alkyls are linked 
together to produce a morpholino, pyrrol idino or 
piperidino, acyloxy <1-4C>, acylamido (1-4C) and thio 
analogs thereof, acetylam noalkyl (1-4C) , carboxy, 
alkoxycarbonyl (1-4C), carbamyl, alkylcarbamyl (1~4C), 
alkylsulfonyl (1-4C) or ai.kylphosphonyl (1-4C), wherein 
the hydrocarbyl can optionally be interrupted by a 
single ether (-0-) linkag<i; or wherein Y^ and Y^ are 
independently either morpiolino, pyrrolidine. 



piperidino, NH2, NHR' , NR 



0(CO)R' , NH(CO)R* , 



• 
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m 
m 
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0(SO)R' , or 0(POR')R'/in which R' is a hydrocarbyl 
(1-4C) which may be /^bstituted with OH, NH2, 
alkyl-(l-4C) secondfaify amino, dialkyl (1-4C) tertiary 
amino, morpholino,/ Ri|rrolidino, piperidino, alkoxy- 
(1-4C), or halogen sMbstitu tents; 

or a pharma^cologically acceptable salt of said 
compound. 

The method of claim 7, wherein X is H. 

9. The method of iclaira 7, wherein X is 
hydrocarbyl (1-4C). 

10. The method of Vlain* 7, wherein and 
are bcjth H. \ 

11. The method of claim 8, wherein Y"^ and 




are both 

12. The method of 
are both H. 

13* A method of/ r 
tvmior cells comprising 

pharmaceutical composition^ <^omprising a compound of the 
formula: 



"claim S, wherein Y^ and Y^ 

n 

iosensitizing hypoxic 
inAstering to said cells a 
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wherein X is htlogen; OH; alkoxy (1-4C); NH2; 
NHR or NRR, wherein th* R groups are independently 
selected from alkyl (l|-4C) and acyl (1-4C) and the R's 
may themselves be substituted with OH, NH2, lower alkyl 
{1-4C) secondary and dkalkyl (1-4C) tertiary amino 
groups, alkoxy (1-4C) or halogen, and in the case of 
NRR, the two R's can bfe linked together directly or 
through a bridge oxygen into a roorpholino ring, 
pyrrolidino ring or piperidino ring; 

wherein n is o|/or 1; and - 

independently either H; nitro; 



and are 



halogen; hydrocarbyl /(l-14C) includ'ing cyclic and 



unsaturated hydrocar^ 
or. 2 substituents s< 
halogen, hydroxy, e 
(1-4C) , primary amiioj 



optionall^ substituted with 1 
ited from /the group consisting of 
(1-4C), alkylthio 
lower alkyl (1-4C) 



secondary amino, diklkyl (1-4C) tertiary amino, dialkyl 
(1-4C) tertiary aminerwhere the two alkyls are linked 
together to produce a morpholino, pyrrolidino or 
piperidino, acyloxy jl-4C), acylamido (1-4C) and thio 
analogs thereof, acetylaminoalkyl (1-4C), carboxy, 
alkoxycarbonyl (1-4C6, carbamyl, alkylcarbamyl (1-4C), 
alkylsulfonyl (1-4C)/ or alkylphosphonyl (1-4C), wherein 
the hydrocarbyl can /optionally be interrupted by a 
single ether (-0-) linkage; or wherein Y-^ and Y^ are 



independently either morpholino, pyrrolidine, 
piperidino, NH2, NHR', NR'W* 0(CO)R' , NH(CO)R' , 
0{SO)R', or 0(POR')R' in wMich R* is a hydrocarbyl 
(1-4C) which may be substituted with OH, NH2, 
alkyl-(l-4C) secondary amijno^ dialkyl (1-4C) tertiary 
amino, morpholino, pyrrol Mino, piper idino, alkoxy 
(1-4C), or halogen subst iftutents; 

or a pharmacologijcally acceptable salt of said 
compound. 



14. The method 9^ claim 13, wherein X is OH 



or OR. 



15. The method pf claim 13, wherein X is NH2f 
NHR or NRR. 

16. The method lof claim 15, wherein X is NH2. 

17. The methoja (of claim 14, wherein and 

are H. 



are H. 



18 • The method 



19, The met 



Y^ is nitror and n is 11 



of/claiin 15, wherein Y^ and Y^ 



of cWim 16^ wherein is H, 



20* The methofl of claim 13^ wherein X is 
-NH-CH2-(CH2)in"CH2-NRiR2 wherein m is an integer in the 
range of 0-4 inclusivel and Ri and R2 are independently 
selected from hydrogeni or lower alkyls or together form 
a piperidino or pyrrol/idino ring* 



21, The method of^claim 20, wherein m is 1 or 
2 and and are independently selected from the 
group consisting of H. and nitro. 



22. A method df radiosensit izing hypoxic 
tumor cells, comprising administering to said cells a 



pharmaceutical compos i 
formula: 



:ion comprising a compound of the 




wherein X is li; hydrocarbyl (l-4C);or 
hydrocarbyl {1-4C) substituted with OH, NH2; NHR or 
NRR, wherein the R gro|aD3<are independently selected 

icyl (1-4C), optionally 
1^2 f alkyl (1-4C) secondary and 



from alkyl (1-4C) and 
substituted with OH, 



dialkyl (1-4C) tertyarf amino groups, alkoxy (1-4C) or 



halogen, and in the 
linked together direct 
into a morpholino r|ing 
ring; 

wherein n i^ 
Y^ and Y^ a 
halogen; hydrocarbyl ( 



case of NRR, the two R's can be 
or through a bridge oxygen 
rolidino ring or piper idino 



or l;V^nd 

independently either H; nitro, 
[ L-14C) including cyclic and 
unsaturated hydrocarbyl, optionally substituted with 1 
or 2 substituents selected from the group consisting of 
halogen, hydroxy, epoxv, alkoxy (1-4C) , alkylthio 
(1-4C), primary amino (NH2), lower alkyl (1-4C) 

1 (1-4C) tertiary amino, dialkyl 
here the two alkyls are linked 



secondary amino, dialkj 
(1-4C) tertiary amino v 



10 



01 



15 



20 



25 
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together to produce a morpholino, pyrrolidino or 
piperidino, acyloxy (l-4dS, acylamido (1-4C) and thio 
analogs thereof^ acetylaminoalkyl (1-4C), carboxy, 
alkoxycarbonyl (1-4C), cirbamyl'^ alkylcarbamyl (1-4C) , 
alkylsulfonyl (1-4C) or klkylphosphonyl (1-4C), wherein 
the hydrocarbyl can optibnally be interrupted by a 
single ether (-0-) linkage; or wherein and are 
independently either monpholino, pyrrolidino. 



piperidino, NH2r NHR' , 
0(SO)R' , or 0(POR' )R' 



R'R' 0(CO)R' , NH(CO)R' , 
J I which R' is a hydrocarbyl 



(1-4C) which may be substituted with OH, NH2r 



alkyl-(l-4C) secondary 



amino, dialkyl (1-4C) tertiary 



compound • 



23 • The methoc 



amino, morpholino, pyrrolidino, piperidino, alkoxy 
{1-4C), or halogen subs 



titutents; 

or a pharmacolc gically acceptable salt of said 



^.^JT^^ai 



ira 22, -wherein X is. 



24, The method of claim 22, wherein X is 
hydrocarbyl (1-4C)^ / j 



25. The mejth 
are both H. 

26, The me 
are both H. 



22, wherein and Y^ 



of claim 23, wherein Y^ and Y^ 




27, The method of claim 24, wherein Y^ and Y^ 
are both H.. 



28- A compound having the structural formula: 



O 




O 

n 

wherein X is OH, alkoxy (1-4C), NHR or NRR 
where each R is independently an alkyl of 1-4 carbon 
atoms, or acyl of 1-4 carbon atoms, or where the two R 
groups are alkyls linked together to form a pyrrol idino 
or piperidino ring or linked through an oxygen to form 
a morpholino ring, and the R groups may be further 
substituted with OH, NH2r ^^^Y^ (1-4C) secondary amino, 
dialkyl (1-4C) tertiary amfno, pyrrolidine, piperidino, 
alkoxy (r-4C) , or halogen substitutents; - 

n is 1; aiid 

Y*^ and are independently either H; nitro; 
halogen; hydrocarbyl (1-14C) including cyclic and 
unsaturated hydrocarbyl, optionally substituted with 1 
or 2 sxibstituents selected from the group consisting of 
halogen, hydroxy, epoxy, alkoxy (1-4C), alkylthio 
(1-4C), primary amino (NH2)r .lower alkyl (1-4C) 
secondary amino, dialkyl (1-4C) tertiary amino, dialkyl 
tertiary amino where the two alkyls are linked together 
to produce a morpholino, pyrrolidine or piperidino, 
acyloxy (I-4C), acylamido (1-4C) and thio analogs 
thereof, acetylaminoalkyl (1-4C), carboxy, 
alkoxycarbonyl (1-4C), carbamyl, alkylcarbamyl (1-4C), 
alkylsulfonyl (1-4C) or alkylphosphonyl (1-4C) , wherein 
the hydrocarbyl can optionally be interrupted by a 
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single ether (-0-) linkage; or wherein Y-** and Y are 
independently either morpholino, pyrrolidine, 
piperidino, NH2, NHR' , NR'R' 0(CO)R" , NH(CO)R\ 
0(SO)R\ or 0(POR')R' in which R* is a hydrocarbyl 
{1-4C) which may be substituted with OH, NH2. alkyl 
(1-4C) secondary amino, dialkyl (1-4C) tertiary amino, 
morpholinOr pyrrolidine, piperidino, alkoxy (1-4C), or 
halogen substitutents; 

or a pharmacologically acceptable salt 

thereof. 

29. A compound according to claim 28, wherein 
X is OH or alkoxy. 



30. A compoun4-«c cording to claim 28, wherein 
X is NRR. 

31. A compound according to claim 28, wherein 
and Y^ are both H. 

32. A compound according to claim 29, wherein 
Y^ and Y^ are both H, 

33* A compound according to claim 30, wherein 
Y^ and Y^ are both H. 



X is -NH-CH2-(CH2)m"CH2-NRiR2 wherein m is an integer 
in the range of 0-4 inclusive, and Ri and R2 are 
independently selected from hydrogen or lower alkyls or 
together form a piperidino or pyrrolidine ring. 




34* A compound according to claim 28, wherein 



( 



35. A compound according to claim -34, wherein 
m is 1 or 2 and and are independently selected 
from the group consisting of H and nitro. 

36. A compound having the structural formula: 



O 




o 

n 

X is NH2; 
n is 1; and 

Y^ and Y^ are chosen such that one but not 
both may be hydrogen and or both may independently 
be either nitro, saturate* or unsaturated hydrocarbyl 
of 7-14C, or unsaturated hydrocarbyl of 
optionally substituted with 1 or 2 substituents 
selected from the group consisting of halogen, hydroxy, 
epoxy, alkoxy (1-4C), alkylthio (1-4C), primary amino 
(NH2)r lower alkyl <1-4C) secondary amino, dialkyl 
(1-4C) tertiary amino, dialkyl tertiary amino where the 
two alkyls are linked together to produce a morpholino, 
pyrrolidino or piperidino, acyloxy (1-4C), acylamido 
(1-4C) and thio analogs thereof, acetylaminoalkyl 
{1-4C), carboxy, alkoxycarbonyl (1-4C), carbamyl, 
alkylcarbamyl (1-4C), alkylsulf onyl (1-4C) or 
alkylphosphonyl {1-4C), wherein the hydrocarbyl can 
optionally be interrupted by a single ether (-0-) 
linkage; or wherein Y*^ and Y^ are independently either 



morpholino, pyrrolidine^ piperidino, NH2/ NHR' , NR' R' 
0(CO)R', NH(CO)R', 0(SO)R', or 0(pbRMR* in which R' is 
a hydrocarbyl (1-4C) which may be substituted with one 
or more OH^ NH2r alkyl (1-4C) secondary amino, dialkyl 
(1-4C) tertiary amino, morpholino, pyrrolidine, 
piperidino, alkoxy (1-4C)^ or halogen substitutents; 
or a pharmacologically acceptable salt 

thereof. 



37, A compound according to claim 36, wherein 
is H and is saturated or unsaturated hydrocarbyl 

of 7-14C. 

38. A compound according to claim 36^ wherein 
Y^ is H and Y^ is unsaturated hydrocarbyl of 2-6C, 

39. A compound according to claim 36, wherein 
Y^ is Hand Y^ is nitro. - 

40, A compound having the structural formula: 




X is hydrogen or hydrocarbyl (2-4C) optionally 
substituted with OH, NH2, alkoxy (1-4C) or halogen 
substituents; 

n is 1; and 



Y-** and Y are independently either H; nitro, 
halogen; hydrocarbyl (1-14C) including cyclic and 
unsaturated hydrocarbyl, optionally substituted with 1 
or 2 substituents selected from the group consisting of 
halogen, hydroxy, epoxy, alkoxy (1-4C), alkylthio 
(1-4C), primary amino (NH2), alkyl (1-4C) secondary 
amino, dialkyl (1-4C) tertiary amino, dialkyl tertiary 
amino where the two alky Is are linked together to 
produce a morpholino, pyrrolidino or piperidino, 
acyloxy' (1-4C) , acylamido (1-4C) and thio analogs 
thereof, acetylaminoalkyl (1-4C), carboxy, 
alkoxycarbonyl (1-4C), carbamyl, alkylcarbamyl (1-4C), 
alkylsulfonyl (1-4C) or alkylphosphonyl (1-4C), wherein 
the hydrocarbyl can optionally be interrupted by a 
single ether {-0-)jninkaqe; or wherein Y^ and Y^ are 
independently eitper morpholino, pyrrolidino, 
piperidino, NH2, NHR\ NR'R' 0(CO)R' , NH(CO)R', 
0(SO)R' , or 0(POR' )R' in which R' is a hydrocarbyl 
(1-4C) which may be substituted with one or more OH, 
MH2, alkyl (1-4C) secondary amino, dialkyl (1-4C) 
tertiary amino, morpholino, pyrrolidino, piperidino, 
alkoxy (1-4C)^ or halogen substitutents; 

or a pharmacologically acceptable salt 

thereof* 

41. A compound according to claim 40, wherein 

X is H. 

42 • A compound according to claim 40, wherein 
X is hydrocarbyl (2-4C). 

43, A compound according to claim 40, wherein 
Y^ and Y^ are both H. 



(■ 



44 • A compound according to claim. 41, wherein 



and Y^ are both H. 



45, A compound according to claim 42, wherein 



Y^ and Y^ are both H. 



46. A method of 
benzotriazine oxide havinc 



synthesizing a 1,2,4- 
the structure q 




wherein n is 1 and and P are independently either 



H; nitro; halogen; hydrocai 
and unsaturated hydrocarbyl 
with 1 or 2 substituents se 



consisting of halogen, hydroxy, epoxy, alkoxy (1-4C), 
alkylthio {1-4C), primary anino (NH2) , lower alkyl 



(1-4C) secondary amino, dia 
dialkyl {1-4C) tertiary a 
linked together to producy 
piper idino, acyloxy (1-4C) , 
analogs thereof, acetylOTii 
alkoxycarbonyl (1-40, dan 



yl (1-14C) incliiding cyclic 
• optionally substituted 
ected from the group - 



4C) tertiary amino, ■ 
rjo where\the two alkyls are 
c morpholino, pyrrolidine or 
^^c^amido (1-4C) and thio 
>alkyiJ^l-4C) , carboxy, 
amyl, alkylcarbamyl (1-4C), 



piperidino, NH2r NHR* , NR' I 
0{SO)R' , or 6(P0R*)R' in wh 



alkylsulfonyl (1-4C) or alk^lphosphonyl (1-4C), wherein 
the hydrocarbyl can optiona 
single ether (-0-) linkage; 

independently either morphclino, pyrrolidino, 



lly be interrupted by a 
or wherein and are 



0(CO)R' , NH(CO)R' , 
ich R* is a hydrocarbyl 
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(1-4C) which may be substituted with one or more OH, 
NH2, alkyl-(l-4C) secoiKiary amino, dialkyl (1-4C) 
tertiary amino^ morphol no, pyrrolidine, piperidino, 
alkoxy (1-4C), or halogon subst itutents , 

or a pharmacologically acceptable salt of said 
compound , 

said method comprising: 

treating a 3-am|no-l , 2 ,4-benzotriazine oxide 
having the structure 




with a lower alky 1 .nitritje under reductive deaminating 
conditions. 



47. The meth 
lower alkyl nitrite i 



48, The metliod 



con 




f claim 46, wherein said 
►utyl nitrite, 

f claim 46, wherein said 
ditions comprise reaction in a 

emperature of at least about 

I 




reductive deaminating 
compatible solvent at 
60*C, 



49, A method \pfi radiosensitizing tumor cell:; 
in a warm-blooded mammal \ comprising: 

(a) administer rug to said mammal a 
pharmaceutical compos itiqn comprising a 

having the structure 



1,2,4-benzotriazine oxide 
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ft 




X 



n 



wherein X is/ H; hydrocarbyl (1-4C); 
hydroca'rbyl (1-4C) substituted with OH, NH2, NHR or 
xNIRR; halogen; OH; allcoxy (1-4C); NK2; NHR or NRR, 
wherein the R groups! are independently selected from 
alkyl (1-4C) and acyt {1-4C) , optionally substituted 
with OH, NH2, alkyl 11-4C) secondary and dialkyl (1-4C) 
tertiary amino groupA, alkoxy (1-4C) or halogen, and in 
the case of NRR, the Vtwo/I^^^can be linked together 
directly or through auDridge oxygen into a morpholino- 
ring, pyrrolidino rii?^ or piperidino ring; 

ind 

\independently either K; nitro, 
[-14C) including cyclic and 

optionally substituted with 1 
:rom/ the group consisting of 
(1-4C), alkylthio 
[kH2)'>-lower alkyl (1-4C) 

(1-4C) tertiary amino, dialkyl 
(1-4C) tertiary amino w lere the two alkyls are linked 
together to produce a morpholino, pyrrol idino or 

-IC), acylamido (1-4C:) and thio 
aminoalkyl (1-4C), carboxy, 
:arbamyl, alkylcarbamyl (1-4C), 
alk, Iphosphonyl (1-4C), wherein 
;ionally be interrupted by. a 



n is 0 or 1 
and 

halogen; hydrocarb 
unsaturated hydroaar 
or 2 substituents 
halogen, hydroxy, 
(1-4C), primary an 



re 

1 ( 



( 



secondary amino, dialky 



piperidino, acyloxy (1- 
analogs thereof , acety 
alkoxycarbonyl (1-4C) , 
alkylsulfonyl X1-4C) or 
the hydrocarbyl can opt 



J 
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single ether (-0-) linklage; or wherein Y-"- and are 
independently either morpholino, pyrrolidino, 
P 
0 



iperidino, NH2. NHR' , NR'R' 0(CO)R\ > 
{SO)R\ or 0(P0RMR* ii which R' is a 



(1-4C) which may be subs 



NH(CO)R' . 
hydrocarbyl 
tituted with OH, NH2. 
alkyl-(l-4C) secondary abino, dialkyl (1-4C) tertiary 
amino^ morpholino, pyrrolidino, piperidino, alkoxy 

itutents; and 

said tumor cells to distinct 



mammal receives a plural 



50 • The method 
is carried out prior to 



51. The met 
is carried out after 



(1-4C), or halogen subst 

(b) subjecting 
radiation doses; and 

(c) repeating sjteps (a) and (b) such that the 

. Lty of doses of drug and 

radiation over an exten<ied period of time, wherein 
each of said radiation d^ses is less than about 5 Gy- 



of claim 49, wherein, step (a) 
(b). 




laim iS, wherein step (a) 
(b). 



52, The me tKod;df\ claim 49, wherein each of 
said radiation doses ia lessvthan about 2,5 Gy, and 
said extended period of time 1^ at least about 3 days 



53. The methold 
1,2,4-benzotriazine ox 
benzotr iazine-1 , 4-dioxlde. 
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of claim 49, wherein said 
Lde is 3-amino-l,2,4- 
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